Abstract
Introduction
An infant's birth weight is determined by the amount of growth during pregnancy and the eventual gestational age -factors which are related to the infant's own genetic makeup, the mother's genetic makeup, her lifestyle, and her overall health (UNICEF 2004; Wilcox 2001) . Very small neonates, particularly those weighing less than 2.5 kilograms (5.5 pounds) at birth, are characterized by poor health outcomes in later life. In particular, a child born with low birth weight is less prepared to fight infections due to its weaker immune system and is therefore more predisposed to infectious diseases such as diarrhea and respiratory infections (Ballot et al. 2010) . For this and other reasons, children with low birth weight also tend to have high mortality. In addition, surviving low birth weight babies have higher risks of chronic diseases, inhibited cognitive development, and cardiac and metabolic disorders in adulthood; all of which may reduce their economic productivity (Bryce and Requejo 2008; Black, Devereux, and Salvanes 2005; Barker 2004; Black, Morris, and Bryce 2003; Barker et al. 2002; Wilcox 2001; Godfrey and Barker 2001; Ashworth 1998; Barker 1992; Low, HandleyDerry, and Burke 1992) . The number of children the mother has had is one of several sociodemographic factors that have been suggested to be related to the birth weights of her children. Studies in different populations consistently show elevated risks of low birth weight among first-born children than for the second-born children (Wilcox 2001; Wilcox, Chang and Johnson 1996) . The findings are more mixed with respect to the risks at higher parities. For example, Seidman and colleagues (1991) found no adverse effects of high parity (five or more children) in Israel, while the conclusion from an investigation of 22 million mothers in the "Natality data file" gathered by the National Center for Health Statistics in the US was that increasing parity was associated with preterm deliveries, but less with small-for-gestational-age deliveries (Aliyu et al. 2005) . When estimating the effect of parity, one obviously has to control for characteristics of the woman, her household, and the community that influence both fertility and the children's birth weight. Most commonly, earlier studies have taken into account factors such as maternal education or other socioeconomic indicators like age, race, ethnicity, marital status, and smoking habits. Health conditions and lifestyle preferences are among the potential joint determinants of fertility and birth weight that have been more difficult to statistically control. In this paper, we improve on previous literature on parity effects by controlling for all constant characteristics of the mother, her household (including the average level of socioeconomic resources during the relevant period), and the community, as well as some time-varying factors, in a fixed-effects regression framework. Our focus is on sub-Saharan Africa, which presents a context of high fertility and socioeconomic disadvantage. Fifteen percent of newborns in the region have low birth weight according to a conservative estimate (Blanc and Wardlaw 2005; UNICEF 2004 ). In deprived settings like sub-Saharan Africa, the daily physical labor, poor nutrition, poor sanitation, and inadequate health care availability and access generally result in mothers having poor health and inadequate pregnancy care (UNICEF 2004) . Poor mothers in these settings are also exposed to indoor air pollutants through the use of poorer quality cooking fuel (Mishra et al. 2004) . Nonetheless, there are only a few studies (often localized) from this region about the importance of parity for birth weights (Ozumba and Igwebe 1992; Oni 1986; Simpkiss 1968) , none of them using this type of approach. We use pooled data on children born in the five years preceding 60 Demographic and Health Surveys (DHS) from 32 sub-Saharan African countries.
We proceed with an overview of the determinants of birth weight, describe the data and our analytical approach, present the results, and conclude with a discussion of the main findings.
Determinants of birth weight and estimation strategy
Birth weights below 3000g are considered sub-optimal, with the lower extreme end, below 2500g (5.5lb), having the most documented adverse health outcomes. On the upper end of the birth weight distribution, birth weights over 4000g are associated with increased maternal morbidity, complicated labor, and maternal death. Outcomes at the lower end of the birth weight scale most likely reflect intrauterine growth deprivation or conditions leading to preterm delivery, while the upper end reflects unusual fetal growth. Thus, there is an optimum birth weight range associated with trouble-free delivery, where neonatal survival is maximized and maternal death is minimized. Undeniably, the child's genetic makeup affects the birth weight. In addition, the intrauterine environment is a critical determinant, as demonstrated for example in studies where embryos have been transferred to different mothers (Rice and Thapar 2010; Brooks et al. 1995) .
The following factors, operating through these genetic and "environmental" channels, have been shown to be related to the birth weight: the sex of child -for the same gestational age boys tend to be heavier than girls (Kramer 1987) ; maternal ageinfants born to adolescents and women above 35 years tend to be smaller (Sharma et al. 2008; Khoshwood 2005) ; maternal birth weight (Simon et al. 2006) ; maternal weight (Rice and Thapar 2010; Mahanty et al. 2006; Godfrey and Barker 1997; Brooks et al. 1995) ; maternal nutrition -cumulatively, and during pregnancy (Stephenson and Symonds 2002; Prentice et al. 1983) ; cigarette smoking (Magee, Hattis, and Kivel 2004) ; ethnicity (Blanc and Wardlaw 2005; Cogswell and Yip 1995) ; and socioeconomic conditions operating partly through some of the factors already mentioned (Cramer 1995) . To elaborate on the latter effect, it has been shown in subSaharan Africa as well as other developing parts of the world, that poverty, low education, and women's lack of autonomy are related to limited or late initiation of obstetric care, irregular or incomplete immunization (e.g. against Tetanus infection), poor nutrition, and micronutrient supplementation during pregnancy (Spangler and Bloom 2010; Fotso, Ezeh, and Essendi 2009; Magadi, Agwandad, and Obare 2007; Onah, Ikeako, and Iloabachie 2006; Magadi, Madise, and Diamond 2001; Prentice et al. 1983 ). In addition, the length of the earlier birth intervals (those who have had many children are likely to have had them in short intervals) is important. A birth interval below two years tends to be a risk factor for a preterm or low birth weight delivery (Conde-Agudelo, Rosas-Bermudez, and Kafury-Goeta 2006; Smith, Pell, and Dobbie 2003; Zhu 2005; Zhu et al. 2001; Rawlings, Rawlings, and Read 1995) .
Furthermore, some studies have shown that birth weights tend to be low at very low parities (Wilcox 2001 ) and then increase with parity up to a certain level, after which the marginal increases begin to dwindle and eventually give way to declines (Phung et al. 2003; Wilcox, Chang, and Johnson 1996; Cogswell and Yip 1995; Seidman et al. 1988) . The exact parity level at which birth weights begin to decline appears to be context-specific and has not been widely studied (see MacLeod and Kiely 1988, for example). A possible reason for this negative effect of birth order on the birth weight is that the mother's health may have been weakened as a result of many pregnancies and years of caring for children. This idea is somewhat medically supported in that it is believed that the growth of the baby during pregnancy is affected by the mother's levels of hormones and insulin-like growth factors; which tend to reduce at very high parities (D'Ercole and Ye 2008; Skalkidou et al. 2003; Beyer 1999; Reece et al. 1994; Panagiotopoulou et al. 1990; Maccoby et al. 1979) .
To delineate the effect of parity on low birth weight, one should ideally control for stable-and changing characteristics of the mother, her household and society that are causally behind or co-determined with parity and also potentially affecting the birth weight. Some of these factors-such as the child's sex, the mother's age, the length of earlier birth intervals, and whether or not the mother had prenatal services during the pregnancy-are measured in the DHS surveys and are included in the models. Measured and unmeasured characteristics that are constant can be effectively controlled for in a fixed-effects (within-mother) analysis. Examples are the mother's ethnicity, her birth weight, and her genetic constitution. Many aspects of her socioeconomic situation are also likely to remain relatively stable over time, at least over relatively short segments of her childbearing years. On the other hand, there are some time-varying unobserved factors that we cannot control for, most importantly the mother's weight, lifestyle preferences, health, and nutritional status (which is ultimately related to her health status). Not being able to control for maternal weight and health status is not necessarily a problem, however, as these factors have causal positions that are quite ambiguous. For example, women suffering from certain chronic diseases may not want or be able to have many children. If this is the case, maternal health status should be controlled for. On the other hand, poor health may be the result of having been through many pregnancies and having many children to care for. Likewise, maternal prepregnancy and pregnancy-related weight gain may reflect past pregnancy and childcare experiences. In other words, maternal weight and health status may be factors that parity may operate through (at least partially) in affecting the birth weight, and should not necessarily be controlled for.
Methods

Sample selection
Pooling 60 DHS data-sets from 32 sub-Saharan countries (see appendix for a list of the surveys), we selected children of mothers who had at least two births of order two or higher within the five years before the surveys. We excluded first births since our goal is to assess the impact of high fertility, which we define as childbearing beyond three births. Unfortunately, the birth weight is only reported for less than one-third of these births. This is primarily because of the large number of births that occur in homes and traditional informal clinics. When we leave out the mothers who did not have two children with reported birth weight in the five-year interval (as well as the few who had twins), we are left with 68,744 children (29% of the initial sample). Their characteristics are obviously not representative of all children in their countries (Blanc and Wardlaw 2005; Boerma et al. 1996) . In particular, they are likely to come from socioeconomically advantaged families. The implications for our estimates are discussed later. Using births in the last five years of surveys did not seem to result in disproportionally selecting births of short birth intervals. The average time since last birth among the children born within the interval was 32 months, which is not particularly short by African standards (Rafalimanana and Westoff 2001) . Birth weights tended to "heap" or cluster in multiples of 500g in most data-sets. In the sample, 5.6 percent of the births were heaped at exactly 2500g. Therefore, we estimated models for two outcomes, having a birth weight below 2500 g and having a birth weight less than or equal to 2500g.
Estimation
The fixed-effects logit model is as follows:
where P ij is the probability that the child i (index of the child within the five-year observation window) of mother j has low birth weight, M ij is a vector of birth order dummies (to allow for a flexible pattern in the relationship between birth order and birth weight rather than, for example, a linear effect), and X ij is a vector of other related factors. β and δ are the corresponding coefficients. The X vector includes the sex of the child, maternal age at birth, preceding birth interval (in months), and whether or not the mother had prenatal services during the pregnancy. The latter may generally reflect access to health facilities, which has implications both for fertility and birth weight. One might argue that the variable is also to some extent influenced by parity and thus a causally-intermediate factor. However, this is not a critical issue, as its inclusion had only minor impact on the parity-effect estimates (not shown in the tables). The unobserved constant mother-level characteristics are represented by μ j . Only mothers with at least one child with low birth weight and at least one child without low birth weight are included in the model, because the others would not contribute to the likelihood estimation. This reduced the estimation sample to 5,385 infants when low birth weight is defined as less than 2500g and 8,227 infants when it is defined as less than or equal to 2500g. Table 1 provides the descriptive information on the demographic and socioeconomic characteristics, as well as the prevalence of low birth weight for the entire sample of children with birth weights and the two fixed-effects sub-samples. The distribution of the two fixed effects samples differed slightly from the general sample in a few areas. The children in the fixed effects samples had mothers who were slightly less educated (35 percent had no formal schooling compared to 30 percent in the entire sample). These mothers were also of higher parities and were less likely to have had prenatal care during pregnancies. By design, the proportion of children with low birth weight in the fixed effects sub-samples was much higher (48 and 49 percent in the samples with low birth weight defined as < 2500g and ≤ 2500g respectively) than in the whole sample, where it ranged from 8 percent to 14 percent depending on the definition applied. Note: † p < 0.10 ; * p<0.05; ** p<0.01; *** p<0.001.
Results
The coefficients for the birth order dummy variables in the fixed-effects regressions in Table 2 show that the odds of low birth weight decrease with parity (significant only when low birth weight includes 2500g) and then increase at parities beyond eight (also significant only with this definition). We also note that the effects of the control variables were in the expected direction. Boys had significantly less risk of low birth weight than girls. Births during adolescence had significantly higher risks than between ages 20 and 34. When a mother had at least one prenatal visit during the pregnancy and birth intervals greater than 24 months, she had lower risks of having a child with low birth weight.
Can we generalize from these results?
As mentioned earlier, children with reported birth weights are not representative of all children in these countries. This could have the consequence that the effects of parity that we estimate are different from those we would have found if all children could be included. More specifically, such a bias would arise if the effect of parity on birth weight varies with certain factors that also affect the chance of being weighed. One such factor could be the socio-economic resources in the household. The relatively rich may, to a larger extent, be able to raise many children without experiencing the deterioration of the mother's health that might reduce the birth weight of later children, and they would also be more likely to give birth in hospitals and thus have their children weighed. In that case, we would see a less adverse effect of very high parity in our analysis than the one existing in the general population. To get an impression of the importance of these selection problems, we estimate the fixed effects models separately for various sub-samples of women who have different chances of having their children weighed at birth. This analysis step includes three slightly different versions. In one, we consider rich and poor women. As mentioned, there are relatively many poor among those who are not included in our sample. In other words, if we could have included all children, we would have had a larger proportion of poor than we actually have in our sample, and the estimates would have been influenced by the greater number of poorer women. When we group the women into those among the 50% richest and those among the 50% poorest 3 , we see that there are more beneficial effects of moderately high parity and less adverse effects of very high parity among the latter according to the fixed effects model (3 rd and 4 th column of Table 3 ). This pattern is contrary to what was suggested above, and we do not see any obvious explanation. Selection might, for example, be involved: the very few who have many children in spite of being rich may have certain characteristics that also lead to low birth weights. Whatever the explanation, however, the conclusion is that with a more representative sample, the estimates would have been more like what we see among the poorer women. In other words, it seems that we underestimate the advantage at moderate parities and overestimate the disadvantage at very high birth orders. (This argument hinges on the assumption that the difference between the top 50% richest and bottom 50% in our sample is representative of the difference between the rich and the poor in the entire population, i.e. that the same factors affect the chance of having a child weighed among the rich as among poor, or that -if there are such differences -the factors also have different effects on the birth weight.) The second version of our attempt to shed light on the selection problem, which considers the rural-urban distinction (5 th and 6 th column), leads to a similar conclusion: the over-representation of urban women in our sample seems to cause overestimation rather than underestimation of the adverse effect of high parity. Note: † p < 0.10 ; * p<0.05; *** p<0.001; Regression equation for generating "probability missing" include, wealth index, educational level, and rural/urban place of residence.
The third version can be seen as a generalization of the two others. We first estimated a model for the chance that a mother does not have her child weighed at birth. This model included the following variables: her relative wealth position, educational level, and whether she lives in an urban area or not. Using the estimated coefficients, we predicted the chance W of not having the child weighed for each mother included in our fixed-effects analysis (that is for those whose children were actually weighed). We then estimated the fixed-effects models for subgroups of women with different levels of W to see if there were different estimates at lower levels of W than at higher levels. The results are shown in the 2 nd and 3 rd columns of Table 3 for two groups, W < 0.5 and W ≥ 0.5. We see that, when there is a high chance of not having a child weighed, there are stronger advantages at moderately high parities or birth orders and less adverse effects of very high parity. Therefore, if more children could have been included in our analysis, the estimates would have moved in this direction, just as concluded based on the distinctions between rich and poor and between urban and rural.
Discussion and conclusions
In this study, we explored the relationship between a woman's parity and her chances of having a child with low birth weight. The data were based on a pooled sample of births of mothers who had multiple births in the five years preceding African DHS surveys. Our fixed-effects regression models controlled for all stable characteristics of the mother, including the average amount of socioeconomic resources over the five-year observation period, as well as some time-varying or child-specific factors. The results show a pattern of decreasing risk of low birth weight deliveries comparing birth orders 3-8 to second births, followed by an increase at higher birth orders. This was seen most clearly when low birth weight was defined to include 2500g. A decline at moderate parities has also been reported in earlier studies, though there is always doubt about whether these studies adequately controlled for joint determinants of fertility and birth weight.
In principle, the fixed-effects estimates may be biased. Unobserved time-varying characteristics of the mother, her household or the community that lead her to have, say, a 9 th child, and also increase the chance of a low birth weight, could be responsible for the observed adverse effects at very high parities. An example may be the deterioration of health institutions over the five year period, which has implications for contraceptive services and prenatal care. Alternatively, if there are time-varying factors producing both high fertility and high birth weights, the true effect of very high birth order would be even more adverse than suggested by our estimates. Furthermore, our sample is not representative of the populations considered as birth weights were recorded for a relatively small fraction of births in these populations. Our attempts to understand the implications of the selective nature of the birth weight data on our estimates suggest that we may have overestimated the adverse effects of very high parities and underestimated the advantage at more moderate levels.
There are very few women in sub-Saharan Africa who have nine or more children, so unless the estimates are strongly biased downwards by unobserved time-varying factors, it seems that the low birth weight problem in sub-Saharan Africa is not a consequence of the prevalent high fertility in the region. On the contrary, the large proportion of births of moderately high orders in sub-Saharan Africa may serve to reduce the average chance of low birth weight in these populations. In other words, while high fertility may well lead to various adverse outcomes for African families and societies (which has been the impetus for many population policies over the years), low birth weight appears not to be among these outcomes.
Poverty and low levels of education, which have been shown to be important determinants in other contexts (Janevic et al. 2010 , Collins et al. 2009 Conley and Bennett 2001) , are probably more important reasons for the high prevalence low birth weights in Africa. Additional risk factors, not only caused by lack of socioeconomic resources, are the use of inferior energy sources for indoor cooking (Mishra et al. 2004) , early childbearing, and inadequate access to prenatal health services (though the better access in urban areas seems to be more than outbalanced by various disadvantages, leading to a higher prevalence of low birth weight in cities than in rural areas in subSaharan Africa; Ezeh, Kodzi, and Emina 2010). Expansion of health services, especially to poor women, would reduce the incidence of low birth weight babies in the region, and such efforts would also serve to improve the quality and coverage of data on birth outcomes.
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